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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a semiconductor device that 
has an excellent interface characteristics between a silicon 
substrate and a metal silicate layer. 

SOLUTION: This semiconductor device where an active element is 
formed on a silicon substrate 51 has a metal silicate layer 53 that is 
formed on the silicon substrate 51, and an electrode layer 54 that is 
formed on the metal silicon substrate 53. In the metal silicon 
substrate 53, the concentration of the configuration metal is 
gradually reduced from the interface between the electrode and 
metal silicate layers 54 and 53 toward the interface between the 
silicon substrate 51 and the silicate layer 53. 
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A«:1TV\ • KK>««5 5S:Mt5. Ri^ 

T±ffifcA 1 RSrJtRU r(7)All^if^^x 

[0077] (^js^fig i - 4 ) m^. m 7 l 

Hi"*. 

[0 0 7 8] £i\ El 7 (a) J: 0 ffi^fe 

(100) , it!S5t4~6 Q c m^Op^v'y nygfi5 

ZXDm&Mf&'TZo m^X. MtfLP-TEOSR^ 

[0 0 7 9] B7 (b) Jc^i-J: FJ^f^c 

VD^aot, S*#R#lS*TOZrCh ^/^ 
^NH 3 rf^CD^tfX, tKttZr (S0 4 ) 2 ^ 
^^NH 3 tf*<Dm.&tf*m<D, Zr^tfftt^^ 
^^^tfT>-^^T^^^. 0 5 Pa CO 

JBE^J, l~1000scc m©Iif, *JX-P*bXS^ 

Ml, 8 o 0t©jWI51i: 

^^t^S i fr^ifR (Z r S i Nx I) 6 5 $T*«-r 

[0 0 8 0] B7 (c) ^^-TJ: 

^il^2 0 0 OtMSt^t^^tP 

^mmcmVX. ^<HZr, **SI^S i Sr^W 

w^sr-arw-f-s&jR^y^ has 3Sr^i-So 

[0 0 8 1] ID 3 (c^i-J: 5 fb**ffi**» 

i^V^T, fi»Jx.«4 5 Ot:, frt) lPa-10 5 Pa tdjo 
?l'&^^^fflV^T, W^if5nm-2 0 0 nm(^CVD 
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[0 0 8 2] «8©lStt, m^<DMl S Y7>>*Ja9 

OkeV, K-Xfl X 1 0 15 c m- z X+mmn^ 
A*rfrv\ y— * • KM>B*5 5t:»rtt8, 

SCVD^»=i>»ftBI**IHiU :^1MIIS5 7 

x^ffi^A i m&mmi,. ^©AiiitrE^*^ 

[0 0 8 3] J^_L, *3fgWW^<o^<oK5fi*ifeS:^U 

[0 0 8 4] mm&mfs.*j£\'V*B)&&mt:m 

*K«r*Wi**fc*Jc % 8 0 0t:£ilT«>K*^^#H* 

[0 0 8 5] &*S, "_hiEL^*Hlfi»l8cr)**fi, 
v'V^— h (damascene gate).^L< f"±gg|^~- h (re 
placement gate) h7^^^^P"fe7^h 

[0 0 8 6] W^tf, il«^^>-y- h h7>^^ 30 

Sr*jSLfc«, TEOS^m CMPlC^SW^fr 

[0 0 8 7] ±iEL^*H«S?KliS^*ffi«rfflV^r., 

[0088] mmmm2) *f-ryi<— > 

[0 0 8 9] 0 8fi, Si SJR±fcZ rOz I (^IS so 
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itm) «r»«L>tlt»^KBTEMltH-efca. ZrO 
2 R^ s i z r *>y hS (JHBS/y 

^r-f hJI : interfacial Zr silicate) 7^/&£ftTV> 
[0 0 9 0] 0 9 1*. ffffi^Ii *>f hB©±ffl^P>S i 

[0 0 9 1] IS 9 X 0 IC, #®v- y ^ h jfcOi: 

[0 0 9 2] rrr% roj: 5^UT#bn7t#®->y 

fcZ r i"**3*>Z rS^fi 1 7%£ 9 

fcl^fc. Z r - S i Z r v' y t^f K^W 

^fi«©Z riglil 7%^m5:i:^ LV\ 
[0 0 9 3] ftJRKibRj: LTiB#0>Z r O 

x (x — 2) £J8V*5»£\ H9<Oj||3eiif*36»fefc*?^ 
5«fc5tw, Zrv/yNM^^^Zriaii 
7%Sffi^**i:*So fim^teS i O2 J: 

9 U=7~8g£) . £fcy-*«M4<£> 

3feMfcfc£C#Vv Lfc^oT, Zri/y^ M^;u 
* ««f;i:fctt 5 Z r 7 7 %JL^T 

[0094] H10 (a) fit, U— if— T^U— is a 1/ 

lit 2: LTffl^fc, Au/»>!)N hil (Z r v^y^ 
-f h8) /S i*S©MI S^rt^^^l-OV^^ 
C-vWttSraiSUfeasSr^b^to^fcSo Hi 0 

(b) fi, mi o (a) (o#®>-y^-r n^^i^i^s^ 
z r m&t*&irz>?-#? h&m^T&mistz, a u / 

i»i;5Z r^DN h^/S i ^3tcOMI S^r^ 

[0 0 9 5] j:IR«^&JURt) bixfc»«ap 

ltd 010 (b) ©t^fei-iSZr^y^ M 
^fflv^fc=5^-r/^ 0 >'^6o*^i^^r*v^^co^c^l■L > 010 

[0 0 9 6] J^±6QJ: Z rBMfcBli: S i ^ <0#® 
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frhTm®mm\zm*ix z r l« v>^«^r<5 

S^bflSt, Z r ->!l ^ hJl©T»«».B-C«)Z 
r Sa* s ±Sfi4#BT*C0Z riSJ:«9 fcffi^Z r > y >$r 
>f HSrffl^S) rirlcJ:!9, Zri/y^ MtSi 

rim, «jxfe«H4«r«-rSMI Sil#Mh7 
Vv** * £#<5 r. fc 5 Q 10 

[0 0 9 7] jfe*3, Z r <£>ftfc> "9 f-H f S^ttL a £/8 
^X*>&\,\ WCH f liZ r ti^«©ttI*tLTV^ 
fcfc, H f »S^B8i"S»ffl^o^r«, i:*£L/cZr 

[0 0 9 8] KT. ±St Lfc <t 5 ft«3t*r*r5M I S 
l^«T*>5„ SHg#*U:o^-CIIl4 5r#IHL 

Ti&^-r£o 20 

[0 0 9 9] *i\ HI 4 (a) ^fJ:5(C> ffi^fe 
(10 0) . JtJg£t4 — 6 Q cm^plv^y = >-g« 5 

«>0>8t&J&Si-5o JK^T, «^.tfLP-TEOSBtS: 

[0 1 0 0] HI 4 (b) M^-Ti 9(C if— 

Pa(^#K^ S£1I3 0 0 — 6 0 OrtCtel^T, 
mW- 1 0 nmCOZ r Oz R (&MI£{fc:D 5 9 £ S il 
«5 1±{^Rt5. u-if— r^u— >a ^Ktt* 30 

«*7gfi)c1- 5 £ £ 60 
[0101] Z r O2 15 9<D/£BI£|B]B*(-, S i S« 
5 1 <t Z r O2 ^5 9 tOff-maZmZ 2 — 3 n mil 

M^WZ r isytrsC hm5 3tt, M&mcZ r , O 

^ZrVy^ M5 3H S i g*£5 lflJMS i , 
ZrO Z l5 9«l:Zr^<#at5fc^ ZrSS 

[0 10 2] Z r O2 Sl5 9S:J58Ri-SI»(c:Hjg 

*flEii-r*r4:^"C#5fc«). S i O2 »fiRf^ffi< x ^ 
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[0 10 3] ftt^ 114 (c) ic^fj: M2% 
OtHFgMffl^t 1 0 Q&mgLV=^y Y^-y^^V 
&'<fok, ZrOz 185 91^X5/^^$^ Zr'>U 

X5/fy^Wl-3|iJigI<^ott)Z r isVfr 
«ttJ:<, &#*Z r *>y^ hjf 5 3<a**S«Mi:i 
[0 10 4] i4 (d) ic^T J: 9 

^.torsjjifcz r bm 5 3tc»LT, a 

[0105] #cfc, BO 3 tc^i- J: 0 ^ te¥4MriUk& 

laot^y v-y =>m&±mzmmv. rco^y^y 

m^X, 0J;ttf4 5 0t:, EE;*}1 Pa-10 5 PatC^o 
V^T, a*^t*«lfcS i H 4 ^<bNH 3 
I^^^fflV^t, 0iJilf5nm-2OOnm(Z)OVD 
v-y nyg^fj^^y- h «IB5 6&Mj3L'tZ>o 
[0 10 6] B«©n»tt % il^MI S h7^^ 

0 k e V x K^Xfl X 1 0 15 cm- 2 "CfiH^ffcD-f ^"^^ 

T\ Yb*»ffifi8fi*^J:o-C±ffi^»IBie*l|)l5 7^:* 
6cvDv/y^y^«^ittt, :^)i»W5 7 

iz^>>?? buzmn-rzo m^x. xs<?*mz&^ 
x±m^A 1 m*mm\** :©Aig«^tyx 

[0107] ft**, ***»H8^i3i^r, 

[0108] ^fc, *njfi?Kffi(i, f&ionffi&mkft 

[0 10 9] J^±. *»WO«6*«SrKWLfc^, * 
55Wtt±B*16*llSlc|»3esn5t©-ettft<, -t^jB 

[0110] 



H 0 2 9 8 
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j&SpTRirfca. 

■■MfcRS:»J*ra£fc-0* rixe>©#ffi^JR^y^ 

[B2] *3gw«5HUi»tt^«D, 41W^I-> 10 

[0 3] *«H0jOBgjttlcffi&Ml S h^vv^^oo 

[14] *«W<o3afi?Kffi^tR5Ml S h7^^(^) 
KatXS<0--08*^ LfcXaWffiH. 
[B5] *«M<OHJfi?K1B^«SMI S h7^^0 

[B7] *5SWco5IJ6^«^«5Ml S h7^^o 20 
[B8] *J8W©*«»ll^«!J..^y3^«K±^4 
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[09] Ha^Lfciwicov^-c, £Rs/y*-f bm 

*P<DZ r »£4r^Lfcl2o 
[010] **W^<toT»e>iXfcM I S^-Y^v^CD 
C-V»tt*r««a»i:#JtLTiSLfcH. 

[tt*0>RH] 

2-Zr02 JR (ARIffUH) 

5 i -v-y = >stE 

mm (mi) 

5 5 — y— * • KW>I^ 

5 hi&ijg 

5 

5 8 - A 1 sais 

5 9-ZrOz R (&M^<fcR) 

6 0-R*AiBK 

6 2-SiOz B (^!J3 VlMfcR) 

6 3-4inxtt4»^yt>r kr 
>£<£irR 



[0 1] 



[02] 



2 ZrOsfil 




1 Si$*£ 



3 &i/ KH 




0 50 100 150 200 250 300 360 400 450 500 
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BEST AVA8LABLE COPY 



(13) 



BO 298 
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10] 



(a) 




-1.0 -0.5 0 0.5 1.0 




-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1j5 



(51)Int.Cl. 7 

HO 1 L 21/203 

21/318 
29/78 



F I 

HO 1 L 21/203 

21/318 
29/78 



S 

z 

B 

3 0 1 G 



#*jii*jii»m*K/hrtijicaEi>ri»* * 
#^jii*jii«m*E/hfRj*sirri#«6 t* 



F^ — 4K029 AA06 BA52 BB02 BC05 BD01 
CA01 CA05 DB05 DB20 FA01 
GA01 

4K030 AA03 AA13 BA38 BB12 CA04 
DA02 DA09 LA02 

5F040 DA 19 DC01 EC07 ED03 EK05 
FA07 FC22 

5F058 BA20 BC03 BC11 BC20 BD01 
BD05 BD09 BD18 BF02 BF17 
BF22 BF24 BF29 BF40 BH03 
BH04 BH16 BJ01 BJ10 

5F103 AA01 AA08 DD30 LL08 PP03 
RR05 



